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Araçá or strawberry guava (Psidium cattleianum Sabine) is an attractive tasty small fruit native to temper-
ate zones of Brazil. In this study, functional chemical constituents and the nutraceutical and therapeutic
potential of aqueous and acetone extracts of red and yellow accessions of araçá were characterised. While
carotenes, ascorbic acid, and anthocyanins were present as minor constituents, araçá fruit presented high
levels of phenolic compounds (up to 768 mg 100 g1 fresh fruit pulp, ffp), particularly ()-epicatechin (up
to 2.7 mg g1 ffp), which were in general more efﬁciently extracted with acetone. Abundance of phenolic
compounds was positively correlated with antioxidant activity, antimicrobial and antiproliferative
effects.
 2011 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction carried out by our group have suggested high antioxidant activityBrazil possesses the richest plant biome on the planet, with
55,000 higher plant species distributed in ﬁve main biomes: Mata
Atlântica, Cerrado, Amazônia, Pantanal and Pampa (Fiaschi &
Pirani, 2009; Souza et al., 2008). In spite of the potential, the num-
ber of domesticated native species utilised for fruit production or
fruit derived products is still limited. Successful examples include
açaí (Euterpe oleraceae Mart.), graviola (Annona muricata L.), Brazil
nut (Bertholletia excelsa H.B.K.), cashew (Anacardium occidentale L.),
and feijoa (Feijoa sellowiana Berg.). Difﬁculties with domestication,
including propagation and adaptation for commercial cultivation,
the highly perishable nature of the fruit, and the lack of informa-
tion regarding their physicochemical and biological characteristics
have been indicated as limiting factors preventing the wide-
spread utilisation and consumption of potentially relevant fruit
(Proteggente et al., 2002).
From the sub-tropical and temperate biomes an example of a
potentially marketable native fruit is strawberry guava, also known
as araçá (Psidium cattleianum Sabine). With yellow or red berries,
araçá has a nice balance between soluble solids and acidity, and
ripens in Brazil in late summer between February and May
(Drehmer & Amarante, 2008). Preliminary exploratory studies.
.
sevier OA license. and high phenolic content differing among araçá genotypes. The
few investigations of araçá suggest nutritional and functional po-
tential (Coelho de Souza, Haas, von Poser, Schapoval, & Elisabetsky,
2003; Galho, Lopes, Bacarin, & Lima, 2007). Although traditionally
appreciated for its sensory attributes and expected functional
properties, araçá is still poorly characterised, and limited scientiﬁc
information is available about the fruit. To the best of our knowl-
edge, a more detailed characterisation of araçá has not been per-
formed. Similar to other fruit, araçá has optimum sensory
attributes when harvested ripe (Galho et al., 2007). However,
araçá is highly perishable lasting one to two days at room temper-
ature. For extended shelf-life, araçá fruit can be harvested during
the pre-climacteric stage or stored under refrigeration (Drehmer
& Amarante, 2008).
Psidium species occur in areas under constant abiotic stress con-
ditions, including water and temperature extremes (Coelho de
Souza, Haas, von Poser, Schapoval, & Elisabetsky, 2003; Haminiuk,
Sierakowski, Vidal, & Masson, 2006). Given the species adaptability
to stress conditions these fruit are potentially rich in secondary
metabolites, and consequently possess functional properties of
interest (Jacques, Pertuzatti, Barcia, & Zambiazi, 2009). Species rich
in phenolic compounds, ascorbic acid and carotenes are usually
associated with prominent biological properties such as increased
protection against cellular oxidation, antimicrobial and anticarci-
nogenic activities (Katalinic´ et al., 2010; Link, Balaguer, and Goel,
2010; Proteggente et al., 2002; Sun, Chu, Wu, and Liu, 2002). The
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tion of chronic-degenerating diseases have been challenged
(Boffetta et al., 2010). However, the majority of studies suggest
that increased consumption of fruit, vegetables and grains contrib-
utes to prevent chronic-degenerating diseases, such as cancer,
cardiovascular diseases, diabetes and neurodegenerative diseases
(Bazzano et al., 2002; Liu et al., 2004; Schroeter et al., 2005).
In this study, fruit from six araçá genotypes (accessions) were
characterised by quantiﬁcation of individual phenolic compounds,
L-ascorbic acid, total phenolic, total anthocyanin, and total caro-
tene content. Acetone and aqueous fruit extracts were analysed
in terms of radical scavenging power, antioxidant protection of
Saccharomyces cerevisiae, antimicrobial effect against Salmonella
enteritidis and antiproliferative effect on human cancer cells,
MCF-7 (breast) and Caco-2 (colon).2. Materials and methods
2.1. Plant material and experimental design
Red (accessions AR9, AR19 and AR29) and yellow (accessions
AR27, AR46 and AR72) araçá (P. cattleianum Sabine) were collected
from a research orchard (germplasm collection of Embrapa Clima
Temperado, Pelotas, RS, Brazil) when fruit was ripe. One kilogram
of fruit from three plants (clones) of each accession was harvested.
Fruit were washed, seeds removed, and fruit ﬂesh was frozen in li-
quid nitrogen and stored at 80 C until further analyses. All anal-
yses were performed in triplicate.
2.2. Soluble solids (SS), pH and titratable acidity (TA)
Soluble solids content was determined by refractometry, and
the results expressed as % (w/w). Total acidity (TA) and pH were
measured directly from the extracted fruit juice. TA was deter-
mined by titration and results were expressed as milligrams of cit-
ric acid per 100 grams of fresh fruit pulp (mg 100 g-1 ffp).
2.3. Phenolic compounds
Phenolic compounds were extracted following the method de-
scribed by Souza et al. (2008). Frozen pulp (10 g) was ground in
a mortar and pestle, extracted with 20 mL deionized water (DW)
and placed on an orbital shaker set at 200 rpm for 1 h at room tem-
perature (20 ± 3 C) in the dark. Extracts were then centrifuged at
12000g for 15 min at 4 C and the supernatant was concentrated
in a freeze-drier and the ﬁnal volume adjusted to 10 mL with
DW. The same extraction was performed using acetone instead
of water. In this case the extract was concentrated in a rotary evap-
orator at 40 C under reduced pressure and the residue was redis-
solved in 10 mL of DW.
Total phenolic content was determined using the method de-
scribed by Dewanto, Wu, Adom, and Liu (2002). Each extract
(125 lL) was combined with 500 lL of DW and 125 lL of Folin Cio-
calteau reagent (2 M) (Sigma–Aldrich, Saint Louis, MO, USA). The
solution was allowed to rest for 6 min, and 1.25 mL of sodium car-
bonate (7% m/v) and 1 mL of DW were added adjusting the ﬁnal
volume to 3 mL. The mixture was allowed to rest for 90 min at
room temperature (20 ± 3 C) in the dark; then absorbance was
measured at 760 nm in a UV/Vis spectrophotometer using DW as
control. Total phenolic content was expressed in milligrams of gal-
lic acid equivalents per 100 grams of fresh fruit pulp (mg GAE 100
g1 ffp).
Quantiﬁcation of individual phenolic compounds was per-
formed in aqueous and acetone extracts according to Hakkinen
and Torronen (2000). One millilitre extract was hydrolysed using35 mL of acidiﬁed methanol (HCl, 15% v/v). Extracts were kept in
a water bath at 35 C for 24 h, in the dark, then ﬁltered (Whatman
n1), concentrated (rotary evaporator at 40 C) and resuspended in
methanol (10 mL). Samples were centrifuged (12,000g for 10 min),
ﬁltered through a 0.45 lm Durapore membrane and an aliquot of
20 lL was injected in the HPLC. The analysis was performed in a
Shimadzu 10AVP, using a Shimadzu Shim-Pak CLC-ODS column
(3.9 cm  150 mm  4 lm) column. The mobile phase was com-
posed of A – acidiﬁed water (1% acetic acid v/v) and B – 100%meth-
anol. The elution gradient started at 100% A; then linearly went to
60% A at 25 min; held for 2 min; then 95% A at 37 min; held for
5 min; and back to the initial conditions. Flow rate was
0.9 mL min1, and column temperature was kept at 25 C. Individ-
ual phenolic compounds (()-epicatechin, gallic acid, coumaric
acid, ferulic acid, myricetin, and quercetin) were only identiﬁed
by retention time comparison to the standards (Sigma–Aldrich,
Saint Louis, MO, USA). UV detector was set at 280 nm. Individual
phenolic compounds were quantiﬁed by external standard calibra-
tion curves (all standards were dissolved in methanol) and results
were expressed as lg g1 ffp.
2.4. Anthocyanins
In order to determine total anthocyanin content, frozen fruit
pulp, equivalent to 10 g of fresh pulp, was ground and suspended
in 20 mL of cold methanol (containing 0.01% v/v HCl) and left for
2 h in the dark; followed by centrifugation at 12,000g for 15 min
at 4 C. The precipitate was washed twice more using 10 mL of cold
acidiﬁed methanol and centrifuged again. The supernatant was ﬁl-
tered through a Whatman No. 1 ﬁlter by vacuum suction and con-
centrated using a rotary evaporator at 30 C. The anthocyanin rich
residue was diluted to 10 mL with acidiﬁed deionized water (0.01%
v/v HCl), and the aqueous extract was then injected into a C18 Sep-
Pak column (Waters, Milford, MA, USA) preconditioned with two
column volumes of methanol and three column volumes of acidi-
ﬁed deionized water (0.01% v/v HCl). The column was washed with
two column volumes of acidiﬁed water, and then residual water
was removed by blowing nitrogen gas for 2 min, before the ethyl
acetate ﬁnal washing. Anthocyanin elution was carried out with
acidiﬁed methanol (0.01% v/v HCl). The eluate (50–60 mL) was
concentrated to 10 mL using rotary evaporator. The anthocyanin
fraction was measured at 530 nm in a spectrophotometer, and to-
tal anthocyanin content was expressed as milligram of cyanidin-3-
glucoside equivalents per 100 gram of fresh fruit pulp (mg 100 g1
ffp) (Giusti & Wrolstad, 2001).
2.5. Carotenes
Frozen fruit pulp, equivalent to 10 g of fresh fruit pulp, was
ground under liquid nitrogen using a mortar and pestle, suspended
in 20 mL of acetone (80% v/v), stirred for 15 min and ﬁltered (the
extraction was repeated three times). The ﬁltrate was then centri-
fuged at 10,000g for 15 min and the supernatant was concentrated
and brought to 40 mL with acetone. Absorbance was measured at
646, 663, and 470 nm in an UV/Vis spectrophotometer. Total caro-
tene content was determined using the equations described by
Lichtenthaler and Wellburn (1983) and expressed as microgram
of b-carotene per gram of fresh fruit pulp (lg g1 ffp).
2.6. L-ascorbic acid
L-ascorbic acid was determined using the method described by
Vinci, Rot, and Mele (1995). Frozen fruit pulp, equivalent to 5 g of
fresh fruit pulp, was ground using a mortar and pestle under liquid
nitrogen, suspended in 30 mL of a cold (4 C) metaphosphoric acid
solution (4.5% w/v in water), stored at 4 C for 1 h in the dark and
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and the ﬁltrate centrifuged at 12,000g for 10 min at 4 C. The
supernatant was ﬁltered through a 0.45 lm Durapore membrane,
and a 25 lL aliquot was injected in a HPLC Shimadzu system, using
a reverse phase Shimadzu (Kyoto, Japan) Shim-Pak CLC-ODS col-
umn (3.9 cm  150 mm  4 lm). An elution gradient started at
100% acetic acid 0.1% v/v (A), then linearly reduced to 98% of A
and 2% of methanol (B) at 5 min; then held for 2 min and returned
to initial conditions at 10 min. Flow rate was 0.8 mL min1 and the
UV detector was set at 254 nm. Identiﬁcation was based on reten-
tion time comparison to an L-ascorbic acid standard (Synth, Dia-
dema, SP, Brazil). Quantiﬁcation was based on an external
standard calibration curve and results were expressed as mg of L-
ascorbic acid per 100 g of ffp.
2.7. Antioxidant activity (in vitro)
Antioxidant potential was determined using the DPPH radical
scavenging method described by Brand-Williams, Cuvelier, and
Berset (1995). 100 lL of each extract (diluted 10-fold) was added
to 3.9 mL of DPPH solution in methanol (100 mM) (Sigma–Aldrich,
Saint Louis, MO, USA). The solution was then stirred and kept in a
closed ﬂask in the dark. Control treatment was composed of meth-
anol and water. Preliminary assays were used to determine reac-
tion time, by measuring absorbance at 517 nm at 20 min
intervals for 6 h. The exponential phase of the reaction corre-
sponded to 60 min and the radical scavenging capacity was ex-
pressed as% DPPH radical remaining according to the equation:
% Inhibition ¼ ðAbsorption Control  Abs: SampleÞ
Abs: Control
 1002.8. Antioxidant activity (yeast assay)
Physicochemical results and radical scavenging capacity indi-
cated AR9 (red) and AR27 (yellow) as the most promising geno-
types to be further investigated. Antioxidant activity was also
determined using eukaryotic cells of the S. cerevisiae XV 185–14C
(MATa, ade 2-1, arg 4-17, his 1-7, lys 1-1, trp 1-1, trp 5-48, hom
3-10) yeast, provided by Dr. R.C. Von Borstel (Genetics Department,
University of Alberta, Edmonton, AB, Canada) (Lopes et al., 2004).
A stock of this strain was maintained on YPD solid media contain-
ing yeast extract (1% w/v), glucose (2% w/v), peptone (2% w/v) and
agar (2%, w/v) (Merck KGaA, Darmstadt, Germany). Cells were then
transferred into a liquid medium (same composition of solid media
without agar) and placed on an orbital shaker at 28 C and
160 rpm. Cellular suspensions containing 2  106 yeast cells/mL
were then treated with AR27 and AR9 extracts diluted 1:4 (extra-
ct:water) and incubated for 1 h at 28 C under constant stirring in
the dark; this dilution was the highest non-cytotoxic concentration
determined in preliminary assays. Cells were then centrifuged
(2,000g at 28 C for 5 min) and washed with a 0.9% (w/v) sodium
chloride solution (twice). Finally cells were stressed with 50 mM
hydrogen peroxide solution for 1 h at 28 C. Samples were then
diluted with a sodium chloride solution (0.9% w/v), seeded into a
complete YPD culture medium and incubated at 28 C for 48 h.
After incubation, colonies were counted and the total number of
colonies observed on the control plate (untreated cells) was
deﬁned as 100% cell survival.
2.9. Antimicrobial activity
Antimicrobial activity of the extracts was tested against
S. enteritidis (ATCC 13076) by the disk diffusion method and by
determining the minimal inhibitory concentration (MIC) according
to the National Committee for Clinical Laboratory Standards(2003). S. enteritidis was kept at 5 C in trypticase soy agar media
(Acumedia, Neogen, Lansing, MI, USA) and cell suspensions
(107 CFU mL1; obtained by the turbidity standard McFarland N
0.5) were standardised adjusting the optical density to 0.1 when
measuring absorbance at 625 nm. The antibiotic ciproﬂoxacin (Ox-
oid, Hampshire, England) (166 mg mL1) was utilised as positive
control, and pure water as negative control. A S. enteritidis suspen-
sion was spread on Mueller–Hinton agar (Acumedia) in 15 cm
diameter plates. Filter paper disks (6 mm diameter) were soaked
in the extracts for 5 h. The disks were then dried at room temper-
ature (20 ± 3 C) and placed on the surface of the inoculated plates
and incubated at 37 C for 24 h. The diameter of the inhibition
zones was measured in millimetre. Inhibition zones were com-
pared to those of control disks. Minimal inhibitory concentration
was deﬁned as the lowest concentration that inhibited the growth
of the microorganism detected visually and the extract concentra-
tions were tested at 100%, 40%, 16%, 10% and 5%.
2.10. Antiproliferative activity
The antiproliferative effect of the extracts was tested on human
cancer cells MCF-7 (breast) and Caco-2 (colon) while rat embryonic
ﬁbroblast cells 3T3 were used as control. RPMI 1640 media (Gibco
BRL, Invitrogen, Carlsbad, CA, USA) containing bovine foetal serum
(20% v/v) in the presence of antibiotics (100 U mL1 penicillin G,
100 lg mL1 streptomycin, Oxoid, Hampshire, England) was used
for cell culturing (5  105 mL/cells). Cell lines were placed in 96
well plates, depositing 100 lL per well and keeping for 24 h at
37 C in atmosphere containing 95% of O2, 5% of CO2 and 100% rel-
ative humidity. After incubation, the media was removed from
each well leaving cells at the bottom. These cells were then ex-
posed to new media containing three extract concentrations (80,
60, and 40 lg mL1), having three replicates for each concentra-
tion. After incubating for 48 h, cells were ﬁxed by adding trichloro-
acetic acid (50% m/v) and then placed at 4 C for 1 h. These
concentrations were chosen, based on preliminary studies that ver-
iﬁed, from a pool of aqueous araçá extracts, an IC50 at 60 lg mL1
in 48 h of treatment. A colorimetric assay was performed by adding
a sulphorhodamine B solution (0.4% m/v) in acidiﬁed water (acetic
acid 1% v/v) in each of the wells. After 30 min at room temperature,
the non-ﬁxed solution was discarded by washing it off with acidi-
ﬁed water. The dye ﬁxed to cellular proteins was resolubilized
using buffer Tris 10 mM (pH 10.0) under orbital stirring at
50 rpm, at room temperature for 5 min. Optical density readings
were performed in a spectrophotometric ELISA plate reader at
540 nm. Absorbance data was correlated to the standard curve of
viable cells and the results were expressed in% cell survival com-
pared to the control treatment composed cells cultivated in RPMI
1640 media.
2.11. Statistical analysis
Results were evaluated using ANOVA and means comparison by
Tukey’s test at 5% probability using SAS version 9.1 for Windows
(SAS Institute, Cary, NC, USA). Percentage data was normalised
according to the equation f(x) = arcsine
p
X before statistical
analysis.3. Results
3.1. Physicochemical characterisation of araçá fruit
Araçá fruit presented pH varying from 3.1 to 3.7, acidity from
7.3% to 16.2%, and soluble solids from 6.0% to 11.8% (Table 1). Dif-
ferently from what was expected, araçá fruit was relatively poor in
Table 1
Soluble solids, pH, titratable acidity, total anthocyanins, total carotene, and L-ascorbic acid of yellow (Access numbers AR27, AR46 and AR72) and red (Access numbers AR09,
AR19, and AR29) araçá.
Colour Access Soluble solidsa pH Titratable acidityb Total anthocyaninc Total carotened L-ascorbic acide
Yellow AR27 9.0 c 3.65 a 7.42 d 0.21 d 10.84 a 0.10 d
AR46 10.8 b 3.71 a 9.47 c 0.55 c 7.00 b 7.20 a
AR72 6.0 c 3.66 a 7.30 d 0.28 d 3.89 d 4.72 b
AR09 10.4 b 3.21 b 15.23 a 5.05 b 11.34 a 0.12 d
Red AR19 11.8 a 3.31 b 12.22 b 6.29 a 7.57 b 0.45 c
AR29 10.0 b 3.11 b 16.19 a 4.82 b 5.45 c 0.12 d
Values are the means of three replicates. Means followed by same letter in a column are not signiﬁcantly different by Tukey’s test at p > 0.05.
a Soluble solids expressed as Brix.
b Titratable acidity expressed as % of citric acid equivalents per 100 g1 ffp.
c Total anthocyanin are expressed as mg of cyanidin-3-glucoside 100 g1 ffp.
d Total carotene expressed as lg of b-carotene equivalents g1 ffp.
e L-ascorbic acid expressed as mg per 100 g1 ffp.
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11.3 lg g1 ffp) and anthocyanins (0.2 to 6.3 mg 100 g1 ffp) when
compared to other fruit (Jacques et al., 2009). In contrast, total phe-
nolic content was high and ranged from 402.7 to 768.2 mg GAE
100 g1 ffp (Table 2). In general, acetone improved extractability
of phenolic compounds compared to aqueous extraction. When
analysing aqueous and acetone extracts of red (AR9, AR19, AR29)
and yellow (AR27, AR46, AR72) araçá both contained ()-epicate-
chin followed by gallic acid as the main phenolic compounds while
coumaric acid, ferulic acid, myricetin and quercetin were present
as minor components of araçá total phenolic compounds (Table 3).3.2. Antioxidant activity (in vitro)
Acetone extracts with higher phenolic content also showed
higher radical scavenging power (Table 2). When comparing geno-
types, in general, the red ones extracted with acetone presented
higher antioxidant activity, varying from 35.3% (AR29) to 45.3%
(AR9) of inhibition of the DPPH radical, while yellow fruit provided
19.7% (AR72) to 34.6% (AR27) of inhibition.3.3. Antioxidant activity (yeast assay)
Antioxidant capacity was also evaluated by comparing the sur-
vival rate of S. cerevisiae XV185-14c yeast treated with hydrogen
peroxide in the presence of araçá extracts prior to the application
of this stress agent. Extract concentration was set in 25%, because
this was the maximum concentration that did not cause cytotoxic
effects. Araçá extracts, independent of the extraction solvent, were
capable of minimising the cytotoxic effects induced by hydrogen
peroxide providing yeast survival rates above 80% (Table 4).
Although AR9 acetone extracts had higher levels of total phenolic
compounds, higher antioxidant activity by the DPPH method (Ta-
ble 2) and higher levels of ()-epicatechin and gallic acid (Table 3),Table 2
Total phenolics (expressed as mg of gallic acid equivalent per 100 g of fresh fruit pulp) a
(extracted with water and acetone).
Solvent Analysis Genotype (accession)
Yellow
AR27 AR46
Water Phenolic 528.30 C b 452.01 D b
DPPH 27.63 B b 22.36 C b
Acetone Phenolic 672.21 B a 586.23 C a
DPPH 34.58 B a 26.68 C a
Values are the means of three replicates. Means in each analysis followed by the same
Means in each analysis followed by the same lower case letter in a column are not signthis extract did not show a higher protection of S. cerevisiae XV185-
14c towards H2O2 (Table 4).
3.4. Antimicrobial activity
Antimicrobial potential of araçá extracts towards S. enteritidis
was evaluated looking at the inhibition halo formation and deter-
mining minimal inhibitory concentration (MIC) of the extracts (Ta-
ble 5). All araçá extracts showed antimicrobial activity. MIC of the
extracts was 5% except for the water extract of red araçá AR9 (16%).
3.5. Antiproliferative activity
All extracts signiﬁcantly reduced the proliferation of MCF-7 and
Caco-2 cells independent of the genotype and extraction solvent
(Table 6). In addition, extract activity was concentration depen-
dent. Incubation of ﬁbroblast cells (3T3) with 80 lg mL1, for all
extracts did not affect survival rates, conﬁrming that the response
obtained in MCF-7 and Caco-2 cells was not due to a toxicity
action.4. Discussion
The present work focused on determining the chemical compo-
sition and the functional potential of araçá accessions cultivated in
Southern Brazil. In comparison, araçá has a total phenolic content
higher than strawberry (Fragaria ananassa Duch.) and grape (Vitis
vinifera L.), and in the same range of Surinam cherry (Eugenia uniﬂ-
ora L.) and blackberry (Rubus L.) (Jacques et al., 2009; Sun et al.,
2002). In contrast to Surinam cherry or blackberry, araçá is more
acidic and has lower contents of L-ascorbic acid, carotene, and
anthocyanins (Jacques et al., 2009; Sun et al., 2002). Araçá from
northern Mauritius studied by Luximon-Ramma, Bahorun, and
Crozier (2003) had a total phenolic content of up to 563 mg GAEnd antioxidant capacity (expressed as % inhibition of DPPH radical) of araçá extracts
Red
AR72 AR9 AR19 AR29
402.68 E b 632.56 A b 581.02 B b 590.32 B b
15.98 D a 39.89 A b 29.29 B b 30.25 B b
532.48 D a 768.21 A a 655.36 B a 657.97 B a
19.65 D a 45.32 A a 37.69 B a 35.27 B a
upper case letter in a row are not signiﬁcantly different by Tukey’s test at p > 0.05.
iﬁcantly different by Tukey’s test at p > 0.05.
Table 3
Individual phenolic composition of araçá extracts (lg g1).
Genotype Extracts ()-Epicatechin Gallic acid Coumaric acid Ferulic Acid Myricetin Quercetin
Red
AR9 Water 1059.3 b 697.1 b 31.7 a 6.0 a 4.7 a nd
Acetone 2130.4 a 801.0 a 7.7 b 3.3 a 0.6 b 0.5
AR19 Water 528.7 b 387.7 a 7.7 a 3.8 b 7.2 a 1.7 a
Acetone 778.4 a 363.0 a 5.7 a 7.5 a 0.4 b 0.2 a
AR29 Water 263.9 b 193.2 b 3.3 a 4.7 a 14.0 a 6.6 a
Acetone 615.8 a 308.3 a 4.2 a 8.1 a 0.2 b 0.4 b
Yellow
AR27 Water 792.5 b 634.9 a 2.6 b 2.3 a 0.1 b nd
Acetone 1714.9 a 616.4 a 36.0 a 2.0 a 3.8 a nd
AR46 Water 462.9 b 297.4 b 4.2 b 4.4 a 0.2 a 6.8 a
Acetone 1117.6 a 432.9 a 10.1 a 3.6 a 0.2 a 2.7 b
AR72 Water 720.5 b 423.7 b 4.2 b 2.9 a nd nd
Acetone 2659.5 a 726.7 a 49.1 a 2.0 a 1.8 2.0
nd, not detected.
Values are the means of three replicates. Means in each analysis followed by the same lower case letter in a column are not signiﬁcantly different by Tukey’s test at p > 0.05.
Table 4
Antioxidant activity of araçá extracts towards S. cerevisiae XV185-14c.
Treatments % Survival
Water 100.0 a
H2O2 50 mM 44.5 c
Water extract AR27 (yellow) + H2O2 50 mM 85.7 b
Acetone extract AR27 (yellow) + H2O2 50 mM 83.0 b
Water extract AR9 (red) + H2O2 50 mM 82.0 b
Acetone extract AR9 (red) + H2O2 50 mM 85.0 b
Values are the means of three replicates. Means followed by the same letter are not
signiﬁcantly different by Tukey’s test at p > 0.05.
Extract concentration used was 25%.
Table 5
Antimicrobial activity of araçá extracts against S. enteritidis using the disk diffusion
method and minimal inhibitory concentration (MIC).
Genotype Extraction Inhibition halo (mm) MIC (% extract)
Control 55.0 a
AR27 Acetone 16.3 b 5
(yellow) Water 15.3 b 5
AR9 Acetone 8.6 c 5
(red) Water 17.0 b 16
Means followed by the same letter in a column are not signiﬁcantly different by
Tukey’s test at (p < 0.05).
Control, Ciproﬂoxacin (166 mg mL1).
Inhibition halo was determined using MIC.
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402.7 to 768.2 mg GAE 100 g1 ffp. However, L-ascorbic acid con-
tent of the Mauritius araçá was considerably higher, 24 mg
100 g-1 ffp, compared to 7.2 mg 100 g-1 ffp found in the Brazilian
yellow araçá AR46. Soluble solids, acidity, total phenolic com-
pounds, total anthocyanin, and antioxidant activity towards the
DPPH radical were greater in red araçá accessions compared to
the yellow ones (Table 1).
Acetone allowed for higher extractability of phenolic com-
pounds when compared to water, on average, 645.41 and
531.15 mg GAE 100 g-1 ffp, respectively. Some studies have shown
the inﬂuence of the extraction solvent on the extractability of phe-
nolic compounds and the consequent effect on the extract’s bioac-
tivity (Rusak, Komes, Likic, Horzic, & Kovac, 2008; Zhao & Hall,
2008). Although in some cases the correlation between phenolic
compounds and antioxidant potential is absent, the majority of
studies show a positive correlation (Luximon-Ramma et al.,
2003; Pantelidis, Vasilakakis, Manganaris, & Diamantidis, 2007;
Sun et al., 2002). Following this trend, acetone extracts richer inphenolic compounds presented higher DPPH scavenging capacity,
indicating a positive correlation between phenolic content and
antioxidant potential, which has also been seen in other fruit,
plants, juices and wine (Rusak et al., 2008; Zhao & Hall, 2008).
Among the six araçá accessions studied, the red ones showed on
average higher antioxidant activity; particularly AR9 acetone ex-
tract, which had 45.3% inhibition of the DPPH radical, in agreement
with the fact that fruit containing anthocyanins have high antiox-
idant potential (Pantelidis et al., 2007; Sun et al., 2002). However,
total anthocyanin in red araçá was relatively low, 4.82–5.05 mg of
cyanidin-3-glucoside 100 g–1 of fresh fruit pulp (mg C3G 100 g-1 of
ffp), when compared to most red fruit, including Surinam Cherry,
Morus sp., and blueberry, with 9.6–138.9, 45.2–47.7, and 72.0–
128.0 mg C3G 100 g-1 of ffp, respectively (Jacques et al.,
2009).()-Epicatechin, followed by gallic acid, were the main phe-
nolic compounds present in all the investigated genotypes for both
yellow and red araçá. Studies have shown ()-epicatechin present
in foods to contribute to the reduction of the risks of developing
cardiovascular diseases, due to its role on vasodilation, lowering
blood pressure and as an antioxidant defence component, in addi-
tion to its antimicrobial potential (Katalinic´ et al., 2010; Schroeter
et al., 2005). Moreover, polyphenols could play an important role in
cancer prevention by epigenetics mechanisms, mainly by DNA
methylation, preventing histone modiﬁcation and regulation of
miRNA expression (Link et al., 2010). Quercetin and myricetin
found in berries, apples, tea and garlic, usually in higher concentra-
tion on the skin of fruit (Riihinen, Jaakola, Kãrenlampi, & Hohtola,
2008) were however, in araçá, present in very low levels (Table 3).
Potential protective action against oxidative stress determined
through the DPPH radical scavenging method was not substantial
when compared to the antioxidant activity determined by the
yeast protective experiment indicated. These results reﬂect limita-
tions of indirect in vitro radical scavenging measurements. Hydro-
gen peroxide formed during normal cellular aerobic metabolism,
and/or under certain pathophysiological conditions is able to in-
duce damage in proteins and lipids as well as in DNA, mainly by
the generation of hydroxyl radicals via the Haber–Weiss/Fenton
reaction (Caillet et al., 2007). Araçá, independently of the genotype
and extraction method, constituted a good antioxidant protection
towards eukaryotic cells when evaluated using yeast sensitive to
oxidative stress. All accessions induced more than 82% survival
rate while cells not previously treated with the extracts showed
a survival rate of 44.5%.
Araçá extracts also exhibited antimicrobial effect against S.
enteritidis. The mechanism for antimicrobial activity of many plant
extracts have been attributed to phenolic compounds that can re-
act with the cell membrane, and inactivate essential enzymes and/
Table 6
Antiproliferative effect of aqueous and acetone extracts of red (AR9) and yellow (AR27) araçá tested at 80 lg mL1, 60 lg mL1, and 40 lg mL1 against human cancer cells MCF-7
(breast) and Caco-2 (colon) and rat embryonic ﬁbroblasts 3T3.
Genotype Concentration (lg mL1) Extraction Cell survival (%)
3T3 MCF-7 Caco-2
Control 0 98.0 a 98.0 a 99.7 a
AR27 80 Water 95.0 a 49.7 f 48.0 d
Acetone 96.7 a 52.0 ef 48.3 d
AR9 Water 96.7 a 49.7 f 50.7 d
Acetone 97.7 a 52.7 ef 48.0 d
AR27 60 Water 50.0 f 51.0 d
Acetone 51.3 f 49.7 d
AR9 Water 50.0 f 51.0 d
Acetone 55.7 def 53.0 cd
AR27 40 Water 66.7 cde 63.0 b
Acetone 69.7 bcd 62.0 bc
AR9 Water 82.0 b 63.3 b
Acetone 73.7 bc 66.3 b
Means followed by the same letter in a column are not signiﬁcantly different by Tukey’s test at (p < 0.05).
A.L. Medina et al. / Food Chemistry 128 (2011) 916–922 921or that form complexes with metallic ions, limiting their availabil-
ity to the microbial metabolism. In general, phenolic compounds
are capable of stabilizing free radicals, avoiding oxidative stress
and limiting the production of more free radicals (Caillet et al.,
2007). It has been shown that extracts from fruit rich in secondary
metabolites usually prevents bacterial cell proliferation. Extracts
from araçá fruit were effective to prevent bacterial cell prolifera-
tion; however, this bioactivity did not correlate with antioxidant
activity measured by DPPH. The lack of correlation between anti-
oxidant activity towards the yeast S. cerevisiae and antimicrobial
activity against S. enteritidis might be explained considering the
structural differences between these organisms. Phenolic com-
pounds could act destabilizating bacterial cell membrane, primary
responsible for the respirations of this microorganism. In yeast,
phenolics could act as metal chelators or scavenging free radicals
which are otherwise harmful to the cell. In this case, cell mem-
brane is not harmed and consequently mitochondria, vital for res-
piration, would not be not affected by the action of phenolic
compounds.
All araçá extracts reduced survival rates of breast cancer cells
(MCF-7) and colon cancer cells (Caco-2), by a mechanism other
than toxicity since these extracts did not affect ﬁbroblast cells
(3T3). MCF-7 cell survival was more affected by extracts rich
in polyphenols than by extracts rich in anthocyanin which is
the case of Green tea and araçá. The observed effects could be
due to the measured compounds or yet to other compounds
present in the extract not determined by the analytical methods
used. A more thorough investigation by GC–MS and LC–MS of
the same extracts may be able to suggest other candidate com-
pounds that could also be responsible for the extract’s functional
properties.
This study showed antioxidant activity, antimicrobial, and anti-
proliferative effects of araçá extracts. Acetone extracts showed
higher antioxidant activity, which was correlated to high levels
of phenolic compounds. Both aqueous and acetone extracts were
efﬁcient on antioxidant assays towards S. cerevisiae, providing pro-
tection against hydrogen peroxide leading to cell survival rates of
above 80%. Extracts from all araçá acessions possessed all the
investigated phenolic compounds, with ()-epicatechin as the pre-
dominant one, followed by gallic acid. Araçá extracts also exhibited
antimicrobial activity against pathogenic bacteria S. enteritidis.
These results reveal araçá as source of natural antioxidants, antimi-
crobial and antiproliferative agents with application in the food
and pharmaceutical industry. Additional studies are underway to
identify other compounds possibly present in these extracts which
may be further developed for nutraceutical and therapeutic
applications.Acknowledgments
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